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Abstract
The onset of chaos and the mechanism of rotational damping are studied in an
exactly soluble particle-rotor model. It is shown that the degree of chaoticity as
inferred from the statistical measures is closely related to the onset of rotational
damping obtained using the model Hamiltonian.
1 Introduction
The study of quantum chaos in many-body problems using the random matrix
theory (RMT) [1] is now an established field of research in physics [2,3]. It is
known that the statistical properties of a quantum many-body system which
follow the predictions of RMT have chaotic behaviour in the classical phase
space [4]. This behaviour of a quantum many-body system was first observed
for the neutron resonance states of compound nuclei [5]. It was shown that the
fluctuation properties of the neutron resonance states follow the Gaussian Or-
thogonal Ensemble (GOE) statistics which is one of universal classes of RMT.
The statistical analysis of the nuclear states which are populated through γ-
decay has also been performed [6–14]. It has been demonstrated using different
theoretical approaches that at low-excitation energies the statistical analysis
depicts a Poissonian distribution which corresponds to underlying regular clas-
sical motion. However, at high-excitation energy the distribution follows the
Preprint submitted to Elsevier Science 30 August 2018
GOE statistics, implying that the underlying classical motion is chaotic. This
correlation between the statistical distribution and the classical motion has
been obtained for a large class of physical systems [3].
However, the important question in the study of quantum chaos, which has re-
mained largely unanswered, is: what are the consequences of quantum chaos in
measurable quantities? It has recently been demonstrated [8] that, in a nuclear
system, the overlap-integral between the wave functions of the neighbouring
rotational states can provide a measure of the degree of chaoticity. However,
the overlap-integral is not directly a measurable quantity. What is needed to
be calculated is the electromagnetic-transitions between the two states. In the
previous work [8], the cranking mean-field model was used to calculate the
overlaps. The cranking wave function does not have a well-defined angular
momentum, and in principle, is not appropriate to study the electromagnetic
transition probabilities. In order to avoid any errors due to usage of mean-field
approximation, in the present work, we have developed a particle-rotor model
(PRM) approach in which angular momentum is strictly conserved. We would
like to use the PRM wave functions to study the consequences of the chaotic
motion on the electromagnetic transitions.
It should be mentioned that the question of rotational damping has also been
addressed recently by other authors [9–11] and it has been shown that the
phenomenon of rotational damping observed in deformed nuclei is a possible
manifestation of quantum chaos. In these analysis, the rotational bands were
obtained as the intrinsic excitations of a Cranked-Nilsson mean-field potential.
In order to obtain the rotational damping, the bands were mixed using a
two-body residual interaction. Since in the cranked mean-field approaches,
as already mentioned, angular momentum is not a conserved quantity, these
calculations are suitable for very high-spin states for which cranking becomes
a good approximation to the angular momentum projection method.
The purpose of the present work is to present an alternative analysis of the ro-
tational damping using the particle-rotor model. Pairing is explicitly included
in the present calculations and, therefore, the results discussed are applicable
to all the spin regimes. Furthermore, we use the same Hamiltonian for ob-
taining the bands structures as well as the rotational damping. In the earlier
studies [9–11], the Nilsson potential was used to obtain the intrinsic bands
and the rotational damping was then calculated with a residual two-body
interaction.
The exact analysis in the PRM limits the configuration space that can be
employed in the numerical studies. Therefore, we shall work in a model space
of a deformed single-j shell as has been done in the earlier studies [7,8]. This
would imply that our results cannot be compared directly with the experimen-
tal data. The main essence of the present work would be to draw a connection
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between the mechanism of rotational damping and the chaotic features in an
exactly soluble model.
The manuscript is organized as follows: In the next section, we give some
relevant details of the PRM. The PRM is a standard model and the discussion
of this approach can be found in the textbooks, for example in Ref. [15]. We
shall, therefore, only give the relevant expressions for the quantities which are
used in the present work. The results of the calculations are presented and
discussed in section III. Finally, the present study is summarized in section
IV.
2 Particle-rotor model
The basic philosophy of the PRM [15] is to consider the nucleus as a core with
a few valance particles. In most of the cases, the core is assumed to be inert
with fixed properties. The Hamiltonian of the PRM is written as the rotor
plus the particle part
Hˆ = Hˆrot + Hˆpart, (1)
with
Hˆrot =
Rˆ2
2θ
. (2)
The quantity θ in Eq. (2) is the moment of inertia of the core and Rˆ is the
angular momentum of the core. In the present work, we shall consider the
axially-symmetric core with the z-axis as the symmetry-axis. Hˆrot in Eq. (2)
can be explicitly rewritten as
Hˆrot =
(Rˆ21 + Rˆ
2
2)
2θ
=
(Iˆ2 − Iˆ23 )
2θ
+
(Jˆ2 − Jˆ23 )
2θ
−
(Iˆ+Jˆ− + Iˆ−Jˆ+)
2θ
, (3)
where Iˆ = Rˆ + Jˆ is the total angular momentum and Jˆ is the angular mo-
mentum of the valance particles. The particle part of the Hamiltonian (1) is
given by
Hˆpart = −4κ
√
4pi
5
Yˆ20 − gδ(rˆ1 − rˆ2). (4)
The strength of the two-body interaction is G = g
∫
R4nlr
2dr. It should be
noted that the delta-interaction used in the present work has predominant
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pairing properties. However, since we solve the two-body interaction exactly,
it will contribute to both pairing or particle-particle channel as well as to the
particle-hole channel. The deformation energy κ is related to the deformation
parameter β through [16]
κ ≃ 0.16h¯ω0(N + 3/2)β, (5)
where h¯ω0 is the harmonic oscillator frequency of the deformed potential and
N the quantum number of the major shell. For the case of i13/2 shell, κ=2.5
approximately corresponds to β = 0.28.
The wave function of the PRM is given by
|ΨIM〉 =
∑
Ki
cKi |IMKi〉 , (6)
where
|IMKi〉 =
√
2I + 1
16pi2(1 + δK0)
{
D∗IMK |φKi〉+ (−1)
Ie−ıpiJˆ1D∗IM−K |φKi〉
}
. (7)
The wave function |φKi〉 is the solution of the intrinsic particle Hamiltonian,
Hpart. For K = 0, these states have well-defined symmetry with respect to
rotation about the x-axis, e−ıpiJˆ1.
The wave function obtained by diagonalizing the Hamiltonian, Eq. (1), is used
to evaluate the electromagnetic transition probabilities. The reduced electric
transition probability B(EL) from an initial state (Ii) to a final state (If) is
given by
B(EL, Ii → If) =
1
2Ii + 1
|
〈
ΨIf ||QˆL||ΨIi
〉
|2, (8)
where the reduced matrix element can be expressed as
〈
ΨIf ||QˆL||ΨIi
〉
=
√
(2Ii + 1)
∑
Ki,Kf
cIiKi cIfKf
{
1√
(1 + δKi0)(1 + δKf0)
×
∑
q′
[  Ii L If
Ki q
′ Kf

 〈φKf |QˆLq′(int)|φKi〉
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+ (−1)Ii

 Ii L If
−Ki q
′ Kf

 〈φKf |QˆLq′(int)|e−ıpiJˆ1φKi〉
]
+ δKiKfQ0

 Ii L If
Ki 0 Kf

}. (9)
The quantity
〈
φKf |Qˆ
L
q′(int)|φKi
〉
is the matrix-element of the quadrupole op-
erator in the intrinsic frame, which can be readily calculated using the wave
function of the particle Hamiltonian Hˆpart. Q0 in Eq. (9) is the quadrupole
moment of the core.
3 Results and discussions
The PRM calculations have been performed for six valance particles with the
standard parameters : G = 0.45 MeV and θ = 24 h¯2 MeV−1. These parameters
have been used in most of the earlier studies and are considered to be rea-
sonable for the j = 13/2 model space [17]. In order to study the deformation
dependence, the PRM calculations have been done with two sets of deforma-
tion values, κ = 2.5 and 6.0 MeV. These deformation values correspond to the
normal and superdeformed shapes. The results of the statistical analysis and
the rotational damping are presented in the following subsections.
3.1 Statistical analysis
The spectral rigidity statistics of Dyson and Mehta [1], ∆¯3(L), measures the
long-range correlation of the unfolded levels
∆3(X,L) = min
1
L
X+L∫
X
[Nu(E)− (AE +B)]
2dE, (10)
where Nu is the cumulative level density of the unfolded levels Xi. We average
∆3(X,L) over intervals (X,X + L) to obtain ∆¯3(L), in a way as outlined in
Refs. [4,18]. For ordered systems ∆¯3(L) = L/15, and for fully chaotic ones
∆¯3(L) ≈ ln(L)/pi
2 − 3/4 for L ≫ 1. The explicit calculation of the spectral
rigidity was done with the method described in Ref. [19].
In Figs. 1 and 2, the results of spectral statistics are respectively presented
for the two deformation values of κ = 2.5 and 6.0 MeV. The results with all
the eigen-values are shown by filled circles. In order to study the degree of
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chaoticity as a function of excitation-energy, the statistical analysis has also
been studied for three more sets of eigen-values. Instead of choosing the energy
window, we have considered the number of eigen-values, since the number of
states in a given energy window change as a function of angular momentum
and deformation. Furthermore, in order to have a reasonable statistics we
have chosen 400 eigen-values in each bin. The results of the analysis with
eigen-values ranging from 1 to 400 are shown by upper triangles and the third
set with eigen-values from 401 to 800 are shown by lower triangles in Figs. 1
and 2. We also performed the analysis of the eigen-values ranging from 801 to
1200, but the results turn out to be very similar to the set of 401 to 800 and
are not shown in the figures.
For the results for κ = 2.5 MeV, corresponding to normal deformation, Fig.
1 indicates that at low-spin values of I = 10 and 12, ∆3 values closely fol-
low the curve expected for the GOE distribution. It is noted that the GOE
statistics is obtained at all excitation energies. Therefore, the classical mo-
tion is fully chaotic for low-spin values. For high angular momenta close to I
= 60, the results with all the eigen-values deviate from the GOE curve and,
therefore, indicating that the underlying classical motion is less chaotic. How-
ever, the results also show that the motion becomes more chaotic at higher
excitation energies. The ∆3 values for the set 401-801 eigen-values, shown by
lower triangles, are more close to the curve expected for the chaotic motion.
The generic property that the system tends to become regular with increasing
angular momenta is a consequence [7] of the decoupling of the particle spins
from the deformation axis of the rotor. As the nuclear system rotates faster,
more and more particles tend to align their spins along the same direction
of the rotation axis, which causes the system to become more regular. The
results for the intermediate spin values of I = 30 and 32 appear slightly less
chaotic as compared to I = 10 and 12, when considering all the eigen-values,
but are similar to low-spin values at higher excitation energies.
In Fig. 2, the results for κ = 6.0 MeV, corresponding to superdeformation,
indicate that for the low spin values of I = 10 and 12, the motion is less
chaotic as compared to Fig. 1. At low-excitation energy, the results appear
significantly less chaotic, but at higher excitation energy the motion tends to
become chaotic. At higher spins, the results appear to be similar to those of
Fig. 1.
3.2 Distribution of E2 transitions
At low excitation energies, the E2 transition from a given state populates
one particular state at a lower-spin. However, at high-excitation energies, it is
known that a given state populates several states. This fragmentation of the
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E2 strength is referred to as the rotational damping. It has been shown using
the cranking model that the onset of rotational damping at a given excitation
energy is related to the underlying chaotic motion [9–11]. In the present work,
we shall also try to investigate this relationship.
In order to evaluate rotational damping, the B(E2) values have been calculated
for a range of initial and final states. We considered three sets of initial states,
which represent the three energy sets considered in the statistical analysis of
the eigen-values in Figs. 1 and 2. The three sets of initial states considered
are : (a) from 1 to 50, (b) from 275 to 325 and (c) from 575 to 625. The
decay of each of these initial states has been calculated to all the final states
at a lower-spin. In Figs. 3 and 4, the results of B(E2) values, for the normal
deformation value of κ = 2.5 MeV, are plotted for three initial states of 26,
300 and 600 as a representative examples of the above three chosen sets. In
the evaluation of the B(E2) value from Eq. (9), the quadrupole-moment of the
core, Q0, needs to be specified. In order to study the core dependence of the
rotational damping, two sets of calculations have been carried out - one with
no core quadrupole-moment and the other with a Q0 = 2.5 barn. The results
of these two sets are shown in Figs. 3 and 4, respectively.
The results of the B(E2) for i = 26 depict a peak value at around the final
state f = 26, with very small contribution from the neighboring final states.
For the initial state of i = 300, the B(E2) is very fragmented; there are many
states to which this state decays into. For the initial state of i = 600, the
fragmentation is even higher. On comparing the results of three transitions of
Ii = 12 → If = 10, Ii = 32 → If = 30 and Ii = 62 → If = 60 in Fig. 1,
it is noted that the degree of fragmentation decreases with increasing angular
momentum.
The B(E2) results with a core quadrupole moment of Q0 = 2.5 barn, shown
in Fig. 4, depict a substantially reduced fragmentation as compared to Fig. 3.
The B(E2) value peaks for one particular transition for which the initial state
is same as that of the final state. This can be easily understood from Eq. (9),
since for the core contribution only the diagonal term for which Ki = Kf con-
tributes. The fragmentation arises from the terms of the intrinsic quadrupole
operator (Q±1, Q±2) of Eq. (9), which mix different K-components in the in-
trinsic wave function.
The results for κ = 6.0 MeV are shown in Figs. 5 and 6. Fig. 5 presents the
results with no core quadrupole moment and Fig. 6 depicts the results with
Q0 = 5 barn. At low excitation energies, it is noted from Fig. 5 that the frag-
mentation is reduced as compared to Fig. 3, but at higher excitation energies
the results for the two deformation values are very similar. This observation
is consistent with that obtained with the statistical analysis. The results of
Fig. 6 with core quadrupole moment, Q0 = 5 barn, show that fragmentation
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is substantially reduced for most of the cases.
Chaos is expected to set in when the average level distance is of the order of the
coupling matrix elements [9]. In a model study with a limited model space and
effective interactions which depend on parameters, it is instructive to study
the density of states as a function of excitation energy and angular momentum,
and the interplay of the density of states and the residual interactions in the
determination of the chaotic motion.
In Fig. 7, the density of states is plotted by counting energy levels in an
energy window of 1 MeV for each excitation energy. All the levels generated
in the present model space are included, without any truncation. The density
is shown for three angular momenta I = 10, 30, and 60, and for the two
deformation values of κ = 2.5 and 6.0 MeV. The curves for the normally
deformed case with κ = 2.5 show a significantly decreasing trend when angular
momentum increases. For the superdeformed case with κ = 6.0, the decreasing
trend is not as pronounced as the normal deformed case. However, a drop at
I = 60 is still clearly seen. Comparing the results for the two deformations,
we see that for the superdeformed case, the density of states is much smaller.
This is particularly true for I = 10 and 30.
If the density of states decreases with deformation, a larger residual inter-
action would be needed to obtain a similar amount of fragmentation in E2
strength. It is thus interesting to investigate situations in the superdeformed
case, but with enhanced interactions. In Figs. 8 and 9, the same calculations
presented in Figs. 5 and 6 are repeated by using a larger residual interaction.
The interaction strength g in Eq. (4) is enhanced by a factor of 2. It can be
seen that with the enhanced interaction, a stronger fragmentation is now ob-
tained. The superdeformed results with enhanced interaction (Figs. 8 and 9)
seem to approach the normally deformed results with the ordinary interaction
(Figs. 3 and 4).
3.3 Rotational damping
Rotational damping is measured through the branching parameter n [10]
n = {
∑
j
[B(E2, Ii → Ij)]
2}−1, (11)
where B(E2, Ii → Ij) transition probability is defined in Eqs. (8) and (9).
In order to evaluate n, it is required to calculate the B(E2) transition from
one particular state to all the states which are allowed by the selection rules
of the γ−ray radiation. Considering a case where it decays to only one state
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(as is true at low-excitation energy), n is equal to one if the B(E2)’s are
normalized. For the case where a given state decays to two possible states
with equal probabilities, n is equal to 2. This implies that for n less than 2,
the band structure is discrete and each given state decays only to one state at
a lower excitation energy. n greater than 2 corresponds to rotational damping,
signifying that B(E2) transition strength from a given state populates two or
more states at a lower spin.
The branching parameter n for κ = 2.5 MeV is presented in Table I for a
range of initial states. In order to avoid local fluctuations, the n value has been
calculated by averaging over the neighboring states. In Table I, the number
1−10 in the first column, for example, indicates that n has been calculated by
averaging over the initial eigen-states from 1 to 10. Of course, all possible final
states have been used to calculate n from each initial state before averaging.
The second column of Table I gives the results of n for the transition Ii =
12 → If = 10. It is observed from Table I that n with no core quadrupole
moment becomes greater than 2 even at a very low excitation energy and
increases with increasing excitation energy. For the case with a core quadrupole
moment, Q0 = 2.5 barn, there is no damping at low-excitation energy and n
increases very slowly as compared to the case with no quadrupole moment.
This suppression of the rotational damping with a core contribution indicates
that the damping is essentially determined by the contribution of valence
particles.
For the second set of initial states from i = 275 to 324, the value of n has now
increased to more than 100 and for the third set of states from i = 575 to 625,
n has increased further. In general, we note that n increases with increasing
excitation energy. However, for the case 615 − 625, n has in fact decreased.
This drop in n can be understood from the fact that the present model space
is finite, and as we reach the top of the shell, the level density decreases [7]. In
a realistic model, the level density should increase with increasing excitation
energy.
In the third column of Table I, n is given for the transition Ii = 32→ If = 30.
n is now reduced as compared to the transition Ii = 12→ If = 10. In the last
column, the results are presented for the transition Ii = 62 → If = 60. The
numbers are now considerably reduced. For the results with a core quadrupole
moment, Q0 = 2.5, rotational damping is completely absent at low excitation
energy, n is less than 2 for almost all the first set of states.
The results of the rotational damping for κ = 6 MeV are presented in Table
II for the three transitions as studied for κ = 2.5 MeV. For the transition
Ii = 12→ If = 10 the damping is observed at a higher excitation energy. For
the transitions Ii = 32 → If = 30 and Ii = 62 → If = 60, the results appear
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to be similar to Table I. These findings are consistent with the conclusion
drawn in the previous figures. Our calculations with enhanced interaction
strength for κ = 6 MeV clearly indicate an increased damping. For example,
the branching numbers n averaged for the initial eigen-states from 41 to 50 in
the transition of Ii = 62 → If = 60 were 6.83 when Q0 = 0, and 1.50 when
Q0 = 5.0 (see Table II). With enhanced interaction, they increase to 8.20 and
1.65, respectively.
4 Summary and conclusions
In the present study, we tried to address a fundamental issue on the observable
consequences of quantum chaos in rotating nuclei. It is now well accepted
that the statistical analysis of a quantum many-body system can provide the
important information on the underlying motion. In case that the statistical
distribution follows GOE statistics, the underlying motion is considered to
be chaotic, and for the case where the statistical distribution is Poissonian,
the underlying motion is regarded to be regular. This statistical distribution
has been studied for a wide range of physical systems. For the case of rotating
nuclei, it is known that at low-excitation energy, the motion is regular, but with
increasing excitation energy the motion tends to become chaotic. The angular
momentum dependence of the statistical distribution has also be studied and
it has been shown that for low angular momenta, the distribution follows GOE
and for higher angular momenta the distribution is Poissonian.
The important issue that needs to be explored is what observable quantities
will be sensitive to the changes in the underlying motion of a physical sys-
tem. It has been recently shown that the phenomenon of rotational damping
observed in rotating nuclei may provide a valuable information on the underly-
ing motion. In the present work, we have investigated the rotational damping
and the statistical distribution for measurable quantities in an exactly soluble
model with conserved angular momentum. We consider that it is important
to make an exact study since any approximation may lead to different errors
in the calculation of the rotational damping and the statistical distributions.
Consequently, it may not be possible to make a comparison of the two calcu-
lated quantities in an accurate manner.
To summarize, in the present work, we have employed the particle-rotor model
with particles in a deformed single-j shell of i13/2, which interact through a
two-body delta-interaction. The model has been solved exactly with different
input parameters. Within this model space, the present analysis has shown a
clear correspondence between the mechanism of rotational damping and the
onset of chaos in rotating nuclei. In particular, we have observed the following
similarities:
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(1) increase in rotational damping with excitation-energy and the corre-
sponding increase in the degree of chaoticity;
(2) decrease in rotational damping with increasing angular momentum and
the corresponding decrease in the degree of chaoticity;
(3) decrease in rotational damping with increasing deformation and the cor-
responding decrease in the degree of chaoticity.
Research at the University of Notre Dame is supported by the NSF under
contract number PHY-0140324.
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Table 1
The results of the branching number n, defined in Eq. (11), for the normal defor-
mation case with κ = 2.5 MeV. The numbers presented are averaged for ten initial
states. For example, the number 1− 10 in the first column signifies that the values
have been averaged for initial eigen-states from 1 to 10.
Initial Ii = 12 → If = 10 Ii = 32 → If = 30 Ii = 62 → If = 60
eigenstates n(Q0=0) n(Q0=2.5) n(Q0=0) n(Q0=2.5) n(Q0=0) n(Q0=2.5)
1− 10 2.09 1.48 2.56 1.35 4.43 1.54
11− 20 6.96 3.75 5.81 2.41 7.33 1.92
21− 30 9.79 5.43 8.16 2.76 7.02 2.02
31− 40 11.77 5.51 9.68 2.54 9.62 1.83
41− 50 17.41 8.47 14.70 3.78 9.38 1.91
275− 284 107.16 35.52 70.18 7.18 21.91 4.54
285− 294 102.19 34.24 61.52 8.92 24.38 3.77
295− 304 108.24 34.05 69.33 11.56 22.36 3.29
305− 314 110.05 35.48 64.53 7.94 18.37 4.47
315− 324 115.78 39.24 65.83 7.78 23.89 4.48
575− 584 140.82 50.96 79.99 9.79 21.67 5.60
585− 594 145.62 50.71 73.37 8.18 19.22 2.89
595− 604 137.70 48.95 63.17 8.36 13.18 3.20
605− 614 149.51 54.33 71.78 11.52 25.54 2.75
615− 624 146.49 56.60 64.41 9.37 22.53 3.93
13
Table 2
The same as Table I, but for the superdeformation case with κ = 6 MeV.
Initial Ii = 12 → If = 10 Ii = 32 → If = 30 Ii = 62 → If = 60
eigenstates n(Q0=0) n(Q0=5.0) n(Q0=0) n(Q0=5.0) n(Q0=0) n(Q0=5.0)
1− 10 1.91 1.34 1.68 1.12 2.57 1.06
11− 20 2.40 1.55 2.74 1.49 4.61 1.36
21− 30 5.33 2.67 3.51 1.69 6.18 1.65
31− 40 7.37 3.50 5.13 2.36 6.77 1.39
41− 50 8.23 3.58 5.82 2.17 6.83 1.50
275− 284 57.52 15.52 51.89 8.42 25.89 2.53
285− 294 47.96 10.07 44.85 7.67 29.28 2.35
295− 304 54.73 11.61 63.29 9.56 27.50 3.03
305− 314 59.36 10.36 63.47 11.21 40.92 4.02
315− 324 60.90 14.61 58.97 10.12 36.44 3.19
575− 584 98.83 16.41 82.31 13.48 40.13 3.25
585− 594 106.70 20.00 96.13 12.38 29.94 2.45
595− 604 119.50 14.66 91.19 10.37 35.23 2.97
605− 614 95.99 14.59 65.22 10.09 34.68 2.69
615− 624 100.95 13.55 75.04 11.68 23.36 2.14
14
Fig. 1. The spectral-rigidity parameter of Dyson and Mehta for κ = 2.5 MeV for
various angular momenta. Three sets of calculations have been carried out. In the
first set (shown by filled circle), the analysis have been done with all the eigen-values,
in the second case (shown by upper triangle) the eigen-values ranging from 1 to 400
have been used, and in the third case (shown by lower triangle) the eigen-values
from 401 to 800 have been selected.
Fig. 2. The same as in Figure 1, but for κ = 6 MeV.
Fig. 3. The normalised B(E2) transition probabilities obtained for κ = 2.5 MeV
with no core quadrupole moment, Q0 = 0. The results are shown for the transitions
(a) Ii = 12 → If = 10, (b) Ii = 32 → If = 30 and (c) Ii = 62 → If = 60. For each
case, the transition probability is given for three different initial eigen-states of i =
26, 300 and 600.
Fig. 4. The same as in Figure 3, but for κ = 2.5 MeV with core quadrupole moment,
Q0 = 2.5 barn.
Fig. 5. The same as in Figure 3, but for κ = 6.0 MeV with no core quadrupole
moment, Q0 = 0.
Fig. 6. The same as in Figure 3, but for κ = 6.0 MeV with core quadrupole moment,
Q0 = 5.0 barn.
Fig. 7. Density of states as a function of excitation energy. Calculations are per-
formed for three representative angular momenta I = 10, 30, and 60, and for the
two deformations κ = 2.5 and 6 MeV.
Fig. 8. The same as in Figure 5, but with enhanced residual interaction.
Fig. 9. The same as in Figure 6, but with enhanced residual interaction.
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